The most common arrhythmia is arrial jibrillation. Beside surgery, intracardiac catheter abhtion is used commonly for curutive treatment. Navigation systems have been developed to reduce fluoroscopic tinre nnd to provide a more accurate positioning. Within these sytems, standard 3D-views are used to show intracardiuc catheters and ablated areas. We present a novel method to display spatial relafiions of cathere6 anatomical laiidniarks and ablation lines in a mapped 2D-view. Furthermore, a planning of desired crblarion lines is feusible. The method can be a valuable tool to supporr navigared ablation procedures for atrial fibrillation treatment.
Introduction
Atrial fibrillation (AF) is the most common arrhythmia, approximately 2.2 million people in USA are affect by it. Atrial fibrillation results in an increased risk of ischemic stroke due to thrombus formation in the left atrium [I] . It is guessed that 15% of all ischemic strokes are due to AF. There exist several therapy options, i.e. medicamentation, defibrillation, surgery and ablation [2] .
The best possible curative treatment for atrial fibrillation is still subject of current research 131. Highest curative rates (up to 97%) are achieved by surgery (MAZE technique). Several incisions are made to the right and left atrium to effect necrotic tissue. The aim is to partition the myocardial tissue in small parts that are too small to maintain electrical re-entry waves. Newer studies showed that incisions can be limited to the left atrium. 
2.

Material and methods
Imaging
Prerequisite is a preoperative or intraoperative imaging of the required cardiac structure. Preoperative imaging can be perfonned using MFU or CT. Figure 1 shows a preoperative CT image (left) and the segmented left atrium with the puImonary veins and the left atrial appendage. The segmentation for that visualization has been done manually with a custom-made segmentation software developed at our department[ 121, an initial sphere with radius T 5 min(llc,till), where ti are the given landmarks. Now, [he sphere is fitted through the anatomical landmarks using a thin-plate spline transformation (TPST) [15] . For that, the anatomical . 
Mapping
Now, the surface of the ellipsoid-like model has to be mapped to a 2D plane. This issimilar to the well known mercador projection to display the globe in a 2D world map. Figure 3 illustrates the mapping procedure. The resulting map is isogonal but length preservation is not assured. However, this is not obstructive to reveal the relation of desired ablation lines, already made ablation lines and anatomical landmarks as well as to verify the continuity of ablation Lines.
Planning
There are severat ablation patterns conceming atrial fibrillation treatment described in literature [ 161. Some authors propose to ablate around all four pulmonary veins, some to ablate around the left and right pulmonary veins and to connect these lines. Other authors propose to ablate around each pulmonary vein themselves. Additionally, a circle around the left atrial appendage as well as a connection of the pulmonary vein area to the mitral valve annulus is usually ablated. Figure 4 shows a typical ablation pattern.
... It is important to ablate not too close to the pulmonary vein orifice due to the risk to cause pulmonary vein stenosis [ l 11. Taken the patient's anatomy into consideration, an individual planning of ablation lines can bc beneficial to avoid that.
Using our tool, desired abIation lines can be drawn in the 3D anatomical map and are visualized simultaneously in the 3D view. If the intracardiac ablation device is registered to the image, actual ablations can be visualized and verified with respect to the desired ablation lines.
. Implementation
The described methods are implemented using our framework for medical imaging applications (MITK, [ 171) . Tt uses the well known toolkits Qt for the graphical user interface (Trolltech, Norway), VTK for visualization (Kitware, USA) and ITK for segmentation and registration (Kitware, USA). The mapping procedure has been implemented using transformations provided by VTK (vtkThinPlateSplineTransform, vtkSphericalTransform).
Due to the implementation within our medical imaging framework MITK, an interactive usage became feasible. Interactions in the 2D anatomical map, e.g planning of desired ablation Lines, immediately affect the 3D view. Figure 5 shows the appfoximation of the left atrium by means of a thin-plate spline transformation. For better illustration, the approxitnation is shown in 'relation to a manually segmented atrium. On the right hand side of figure 5 the initial sphere is shown in relation to the approximated atrium. It has been turned out that the natural anatomical landmarks (pulmonary veins, left atrial appendage) are insufficient. In figure 5 approximately 25 additional endocardial landmarks were used. Figure 6 shows the approximation overlaid to the original CT slices. Figure 7 shows an example of the planning functionality. An ablation pattern has been interactively drawn around two pulmonary veins in the 2D anatomical map. This ablation pattern is transformed and visualized in the 3D view. Figure 8 shows the mapped visualization of made ablation lines. The spatia1 relation, especidIy the continuity of multiple ablation lines can be better estimated in the 2D anatomical map than in the 3D view.
Results
Thin-plate spline approximation
Mapping and planning
Application
The method has been integrated into a currently developed navigation system for a new kind of ablation devices for minimally invasive surgical atrial fibrillation treatment.
Imaging is performed by means of intraoperative 3D ultrasound. The navigation system as well as the new 2D visualization and planning tooh are currently evaluated in in-vitro trials under realistic physiological conditions. 
Conclusion
In this paper, a novel method for visualization and planning of ablation lines has been. presented. Due to potential complication when ablating too close to pulmonary veins and absolute essential continuous ablation lines, OUT new method can be a valuable tool for catheter ablation or minimally invasive surgical ablation for atrial fibrillation treatment. The value of the tool is currently investigated in in-vitro trials using a navigation software developed at our institution to guide minimally invasive surgical devices for atrial fibrillation treatment.
